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CLAIMS 



[Claim(s)] 

[Claim 1] The TiAl system intermetallic-compound radical alloy characterized by having the presentation which 
consists of a remainder unescapable impurity and Ti, and having the three-phase-circuit organization of the lamellar 
organization which consists of a gamma-Ti Al phase and an alpha2-Ti3 aluminum phase, 2 phase organizations of 
gamma phase or a lamellar organization, a gamma-TiAl phase, and a parent phase by atomic % aluminum:44.5-48.5%, 
Nb:5-9.5%, Cr:0.5-2%, Si:0.1-0.4%, and nickel:0. 1-0.4%. 

[Claim 2] The TiAl system intermetallic-compound radical alloy according to claim 1 mainly formed with the lamellar 
organization which consists of a gamma-TiAl phase and an alpha2-Ti3 aluminum phase. 

[Claim 3] The TiAl system intermetallic-compound radical alloy according to claim 2 whose average of spacing of the 
adjoining alpha2-Ti3 aluminum phase the mean particle diameter of the lamellar organization which consists of a 
gamma-TiAl phase and an alpha2-Ti3 aluminum phase is 300 micrometers or less, and is 2 micrometers or less. 
[Claim 4] The TiAl system intermetallic-compound radical alloy according to claim 1 to 3 whose oxygen content as an 
impurity is 1000 ppm or less. 

[Claim 5] The TiAl system intermetallic-compound radical alloy according to claim 1 to 4 whose TiAl system 
intermetallic-compound radical alloy is a casting alloy. 

[Claim 6] By atomic %, aluminum: 44. 5 -48. 5%, Nb:5-9.5%, Cr:0.5-2%, Si: The process which casts the alloy molten 
metal which consists of a remainder unescapable impurity and Ti 0.1-0.4% and nickel: 0.1-0.4%, and obtains the 
casting, The manufacture approach of the TiAl system intermetallic-compound radical alloy characterized by consisting 
of a process which carries out heating maintenance of said casting 10 minutes or more in a 1300-1400-degree C 
temperature requirement, and a process which performs quenching processing after carrying out heating maintenance. 
[Claim 7] The manufacture approach of the TiAl system intermetallic-compound radical alloy according to claim 6 
which carries out heating maintenance after performing hot isostatic press processing to the obtained casting. 
[Claim 8] The manufacture approach of a TiAl system intermetallic-compound radical alloy according to claim 6 or 7 
that perform a heating maintenance process under a non-oxidizing atmosphere, and installation of inert gas and 
churning perform quenching processing. 

[Claim 9] Quenching processing is the manufacture approach of a TiAl system intermetallic-compound radical alloy 
according to claim 6 to 8 of performing from heating retention temperature to 1000 degrees C with the cooling rate of 
20-500 degrees C / min. 

[Claim 10] By atomic %, aluminum:44.5-48.5%, Nb:5-9.5%, Cr:0.5-2%, It has the presentation which consists of a 
remainder unescapable impurity and Ti Si:0.1-0.4% and nickel :0. 1-0.4%. The turbine member characterized by 
consisting of TiAl system intermetallic-compound radical alloys characterized by having the three-phase-circuit 
organization of the lamellar organization which consists of a gamma-TiAl phase and an alpha2-Ti3 aluminum phase, 2 
phase organizations of a gamma-TiAl phase or a lamellar organization, a gamma-TiAl phase, and a parent phase. 
[Claim 11] The turbine member according to claim 10 which mainly consists of lamellar organizations which consist of 
a gamma-TiAl phase and an alpha2-Ti3 aluminum phase. 

[Claim 12] By atomic %, aluminum:44.5-48.5%, Nb:5-9.5%, Cr:0.5-2%, Si: The process which casts the alloy molten 
metal which consists of a remainder unescapable impurity and Ti 0. 1-0.4% and nickel:0. 1-0.4%, and obtains a turbine- 
wheel material, The manufacture approach of the turbine member characterized by consisting of a process which 
carries out heating maintenance of said turbine-wheel material 10 minutes or more in a 1300-1400-degree C 
temperature requirement, and a process which performs quenching processing after carrying out heating maintenance. 
[Claim 13] The manufacture approach of the turbine member according to claim 12 which carries out heating 
maintenance after performing hot isostatic press processing to the obtained turbine-wheel material. 
[Claim 14] The manufacture approach of a turbine member according to claim 12 or 13 that perform a heating 
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maintenance process under a non-oxidizing atmosphere, and installation of inert gas and churning perform quenching 
processing. 

[Claim 15] Quenching processing is the manufacture approach of a turbine member according to claim 12 to 14 of 
performing from heating retention temperature to 1000 degrees C with the cooling rate of 20-500 degrees C / min. 
[Claim 16] The TiAl system intermetallic-compound radical casting alloy characterized by average spacing of the 
alpha2-Ti3 aluminum phase which the mean particle diameter of said lamellar organization which makes the main 
phase is 300 micrometers or less, and adjoins in this lamellar organization in the three-phase-circuit organization of the 
lamellar organization which consists of a gamma-TiAl phase and an alpha2-Ti3 aluminum phase, 2 phase organizations 
of a gamma-TiAl phase or a lamellar organization, a gamma-TiAl phase, and a parent phase being 2 micrometers or 
less. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the TiAl system intermetallic-compound radical alloy suitable for 
using for rotation components, such as a turbine wheel of a passenger car and the small supercharger for trucks and a 
large-sized supercharger for vessels, a jet engine, and industrial gas turbine PUREDO. 
[0002] 

[Description of the Prior Art] From the rise of the interest about an environmental problem in recent years, 
improvement in effectiveness, such as a jet engine and an industrial gas turbine, is called for for the improvement in the 
engine performance of the supercharger used for transportation machines, such as a passenger car, a truck, and a vessel, 
again. One of the important components which govern the engine performance of the above-mentioned product and 
effectiveness is a turbine, and improvement in a transient response property, elevated-temperature-izing of a turbine 
inlet temperature, high-speed rotation-ization, etc. are called for from this turbine in recent years. Although 
amelioration of the ingredient which constitutes rotation components, such as a turbine wheel, a turbine disc, and 
turbine PUREDO, to these three requests is desired, when making at the base nickel radical superalloy by which current 
use is carried out said rotation member, about elevated-temperature-izing of a turbine inlet temperature, and rotation 
[ high-speed ]-izing, the further improvement in high temperature strength including creep strength is required. 
However, it is almost difficult to desire improvement in high temperature strength of the present nickel radical 
superalloy from a presentation-viewpoint, for example, examination of the improvement in high temperature strength 
by special process called single-crystal-izing is advanced. Although its above-mentioned policy is also effective if 
adoption of this special process is expensive low production articles, such as jet engine PUREDO, in the mass- 
production article of the complicated configuration of the small supercharger for passenger cars etc., application is 
difficult in cost. Moreover, about a transient response property, since the specific gravity of nickel radical superalloy is 
about 8-9 irrespective of the presentation, the improvement cannot be aimed at. 

[0003] The alloy (following and TiAl system intermetallic-compound radical alloy) which makes an intermetallic 
compound TiAl the main phase as an ingredient promising for three improvement in the engine performance more than 
instead of is attracting attention to nickel radical superalloy. Since specific gravity is as lightweight as about 4, moment 
of inertia becomes small, and this TiAl system intermetallic-compound radical alloy can expect improvement in a 
transient response property. Moreover, in body of revolution, since the specific gravity of a TiAl system intermetallic- 
compound radical alloy is about 1 of nickel radical superalloy 12 in order for what is necessary to be just to take into 
consideration the specific strength which **(ed) by specific gravity, if high temperature strength has 1/2 more than 
nickel radical superalloy, elevated-temperature-izing of a turbine inlet temperature and high-speed rotation-ization of 
the stress by which a load is carried out will be attained. 

[0004] However, the TiAl intermetallic compound had the problem that it was lacking in ordinary temperature 

ductility, and reinforcement and oxidation resistance fell to it in 700 degrees C or more. Although adding V about 

ordinary temperature ductility (U.S. Pat. No. 4294615 number) or adding Mn (JP,62-215,B) are proposed, it has not 

resulted in the reinforcement and oxidation-resistant improvement in a pyrosphere. 

[0005] this invention person is performing the following proposals previously to the above situation. 

JP,5-78769,A 

The TiAl system intermetallic-compound radical alloy which has the presentation which consists of 0.1 - 10%, and 
Ti:25-60% one or more metals chosen from the group which makes an intermetallic compound (Ti, Nb) aluminum the 
main phase, and consists of Cr, Si, nickel, Zr, Y, V, Mn, Ta, Hf, and Mo aluminum:40-55% and Nb:l-10% [0006] 
JP,9-176763,A 
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TiAl system intermetallic-compound radical alloy publication number 10-No. 130756 which consists of the remainder 
Ti and an unescapable impurity 45 to aluminum48 atom %, Mo and/or nickel:0.5-3%, Nb:5-9%, C:0.1 - 0.5%, and 
Mn:l-2% 

aluminum: The TiAl system intermetallic-compound radical alloy which has the presentation which consists of the 
remainder Ti and an unescapable impurity 45 to 48 atom %, Nb:5-9%, Cr:l-2%, Si:0.2-0.5%, nickel: 0.3 -2%, and 
Y:0.01 to 0.05%, and consists of cast structure of a detailed homaxial grain [0007] 

[Problem(s) to be Solved by the Invention] Although the alloy proposed in above-mentioned JP,5-78769,A, JP,9- 
176763,A, and JP,10-130756,A is effective in the oxidation resistance of a TiAl system intermetallic-compound radical 
alloy, and the improvement in high temperature strength, much more property improvement is desired. Then, this 
invention offers a technical problem the TiAl system intermetallic-compound radical alloy which has the oxidation 
resistance which can respond to practical use enough, high temperature strength, and ** and ductility. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, when this invention person 
performed synthetic examination including the manufacture process for obtaining not only a presentation but a 
microstructure and its organization, he acquired the following knowledge. 

1) As a presentation for securing the oxidation resistance which can respond to practical use enough, high temperature 
strength, and ** and ductility, it is atomic % and it is required to consider as the presentation which consists of a 
remainder unescapable impurity and Ti aluminum:44.5-48.5%, Nb:5-9.5%, Cr:0.5-2%, Si:0.1-0.4%, and nickel:0.1- 
0.4%. 

2) the TiAl phase (a gamma-Ti Al phase — ) which presents gamma phase in microstructure the Ti3aluminum phase (an 
alpha2-Ti3 aluminum phase — ) which presents gamma phase and alpha2 phase below Although alpha2 phase makes 
below the lamellar organization which is carrying out the laminating to tabular main truss Narai Although gamma 
phase not tabular but massive makes 2 phase organizations which have compound-ized, or a lamellar organization main 
truss Narai, it is effective to ordinary temperature and the hot improvement in a material property to consider as the 
three-phase-circuit organization which the phase (parent phase) which presents gamma phase and a parent phase has 
compound-ized. 

3) In order to obtain the two above phases or the TiAl system intermetallic-compound radical alloy of a three-phase- 
circuit organization, while making a presentation into the above-mentioned range, it is necessary to control time 
amount whenever [ in heat treatment / stoving temperature ]. 

[0009] The TiAl system intermetallic-compound radical alloy of this invention is atomic %, and is characterized by 
having the presentation which consists of a remainder unescapable impurity and Ti, and having the three-phase-circuit 
organization of the lamellar organization which consists of a gamma phase and alpha2 phase, 2 phase organizations of 
gamma phase or a lamellar organization, gamma phase, and a parent phase aluminum:44.5-48.5%, Nb:5-9.5%, Cr:0.5- 
2%, Si:0. 1-0.4%, and nickel:0. 1-0.4%. 

[0010] In the above this invention TiAl system intermetallic-compound radical alloy, while the lamellar organization 
which consists of a gamma phase and alpha2 phase forms main truss Narai, it has the structure in which alpha2 phase 
and gamma phase carried out the laminating to tabular in this lamellar organization. And it is desirable for the mean 
particle diameter of a lamellar organization to be 300 micrometers or less, and for average spacing of alpha2 adjoining 
phase to be 2 micrometers or less. 

[001 1] Moreover, the manufacture approach of the TiAl system intermetallic-compound radical alloy in this invention 
By atomic %, aluminum:44. 5-48.5%, Nb:5-9.5%, Cr:0.5-2%, Si: The process which casts the alloy molten metal which 
consists of a remainder unescapable impurity and Ti 0.1-0.4% and nickel :0. 1-0.4%, and obtains the casting, It is 
characterized by consisting of a process which carries out heating maintenance of said casting 10 minutes or more in a 
1300-1400-degree C temperature requirement, and a process which performs quenching processing after carrying out 
heating maintenance. 

[0012] In this invention, heating maintenance can also be carried out, after performing hot isostatic press processing to 
the obtained casting. Moreover, it is desirable to perform a heating maintenance process under a non-oxidizing 
atmosphere, and to perform quenching processing by installation of inert gas and churning. Quenching processing 
should just perform from heating retention temperature to 1000 degrees C with the cooling rate of 20-500 degrees C / 
min. 

[0013] The reason for component limitation of this invention alloy is explained below. 

aluminum:aluminum is the main configuration element of this invention alloy, and forms an intermetallic compound 
with Ti. At less than 44.5%, ductility [ in / in the concentration of aluminum / ordinary temperature ] falls. On the other 
hand, if it exceeds 48.5%, high temperature strength will fall. Therefore, in this invention, it may be 44.5 - 48.5%. 
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[0014] Nb:Nb has oxidation-resistant improvement and the work which raises high temperature strength further. When 
an addition considers a high-temperature-service way 800 degrees C or more at less than 5%, there is no effectiveness 
in improvement in oxidation resistance and high temperature strength, and on the other hand, if it exceeds 9.5%, 
ordinary temperature ductility will fall. Therefore, in this invention, it may be 5 - 9.5%. In addition, less than 6% of the 
oxidation resistance in the case where long duration is assumed in the about 850-degree C temperature region which is 
the operating environment of the small supercharger for passenger cars which is one of the objects in this invention is 
insufficient, and since specific gravity increases while the oxidation resistance according to an addition is not acquired, 
even if it exceeds 8.5%, considering as 6 - 8.5% is desirable. 

[0015] Cr:Cr is added for the purpose of ** and the improvement in ductility in ordinary temperature. If less than 0.5% 
of ** and the ductile improvement in ordinary temperature is insufficient and it exceeds 2% on the other hand, high 
temperature strength will be reduced. Therefore, in this invention, it may be 0.5 - 2%. The desirable amount of Cr is 0.7 
-1.3%. 

[0016] Si:Si has the work which raises creep strength with an anti-oxidation disposition top. If the addition 
effectiveness of an addition is not enough at less than 0. 1% and it exceeds 0.4% on the other hand, ** and ductility in 
ordinary temperature will fall. Therefore, in this invention, it may be 0.1 - 0.7%. The amount of desirable Si is 0.15 - 
0.35%. 

[0017] nickel :nickel is made to add for the purpose of improvement in oxidation resistance and high temperature 
strength. If the addition effectiveness has an inadequate addition at less than 0.1% and it exceeds 0.4% on the other 
hand, ** and ductility in ordinary temperature will fall. Therefore, in this invention, it may be 0.1 - 0.4%. The amount 
of desirable nickel is 0.15 - 0.35%. 

[0018] Others: Although it consists of an unescapable impurity and Ti except the above-mentioned configuration 
element, if O (oxygen) is contained exceeding 1000 ppm of an impurity element in the alloy, in order to reduce 
toughness, regulating O to 1000 ppm or less is recommended. 

[0019] Next, the organization of this invention alloy is explained, this invention alloy has the three-phase-circuit 
organization of the lamellar organization which consists of a gamma phase and alpha2 phase and 2 phase organizations 
of gamma phase or a lamellar organization, gamma phase, and a parent phase as mentioned above. With the TiAl 
system intermetallic-compound radical alloy, it has been seriously taken in order for how this lamellar organization is 
developed to acquire a good mechanical property. This lamellar organization is formed as follows. That is, although it 
is alpha phase in the state of an elevated temperature, it is formed because alpha phase in which gamma phase deposits 
in the shape of a layer, and remains changes with regulation transformations from alpha phase to alpha2 phase by the 
cooling process. 

[0020] If a lamellar organization has the gestalt in which gamma phase and alpha2 phase carried out the laminating and 
catches it in the cross section of a direction perpendicular to the direction of a laminating, gamma phase and alpha2 
phase exist by turns. And spacing of adjoining alpha2 phases with comparatively easy observation can be defined as 
lamellar spacing. Ideally, it consists of only lamellar organizations 200 micrometers or less desirably, and 300 
micrometers of things with a small particle size for which lamellar spacing has desirably 2 micrometers or less of 
organizations 1 micrometer or less of a TiAl system intermetallic-compound radical alloy are specifically an ideal 
further. 

[0021] Since the deposit of gamma phase will not catch up in a cooling process if a cooling rate is too quick, the so- 
called MASSFUBU transformation arises and it does not become a lamellar organization, and there are too many 
deposits of gamma phase when a cooling rate is too slow and lamellar spacing becomes large, it is common by 
controlling a cooling rate to make the organization ideal. In addition, it is to become a problem as a cooling rate to 
1000 degrees C which histogenesis completes, and, in the cooling rate in the temperature region not more than it, a 
problem does not become in essence. 

[0022] In a TiAl system intermetallic-compound radical alloy, it is possible by heat-treating in alpha phase monolayer 
field to constitute the whole of the organization from lamellar one. However, not adding plastic working under a 
possible elevated temperature by forging etc., if it holds at an elevated temperature simply, a lamellar organization will 
grow easily to the particle size of 1mm or more, and an ingredient will become weak. Therefore, in order to obtain the 
above ideal organizations, it was indispensable conditions to add plastic working by hot working, such as forging and 
extrusion. When putting in another way, in the precise casting to which plastic working, such as forging, is not added, it 
was difficult for a lamellar organization to carry out abnormality growth and to obtain an ideal organization. 
[0023] So, in this invention, we decided to prevent big and rough-ization of a lamellar organization by introducing 
other phases between lamellar organizations, gamma phase or gamma phase, and a parent phase tend to be made to 
remain between lamellar organizations, and, more specifically, it is going to prevent big and rough-ization of a lamellar 
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organization. However, it cannot be overemphasized that it is desirable to hold down to the minimum of extent required 
for big and rough-ized prevention of a lamellar organization as for the rate of an abundance ratio of a parent phase and 
gamma phase. As one index, 70 - 97% of lamellar organizations exists at the rate of area, and it is desirable for the 
remainders to be a parent phase and gamma phase. On the other hand, in order to narrow lamellar spacing, the rate at 
the time of cooling is made quick in the proper range. That is, after carrying out heating maintenance at temperature to 
which little gamma phase or gamma phase, and a parent phase exist in alpha interphase, also in the casting, the lamellar 
organization with a small particle size enabled manufacture of a TiAl system intermetallic-compound radical alloy with 
narrow nothing and lamellar spacing for the subject of an organization by cooling with a proper cooling rate. 
[0024] The manufacture approach of such this invention TiAl system intermetallic-compound radical alloy is explained 
below. In this invention, it is atomic %, and the alloy which consists of a remainder unescapable impurity and Ti is 
dissolved and cast aluminum:44.5-48.5%, Nb:5-9.5%, Cr:0.5-2%, Si:0.1-0.4%, and nickel:0. 1-0.4%. About the 
dissolution approach and the casting approach, a well-known approach is conventionally applicable. For example, 
when aimed at the turbine wheel of a small supercharger, the lost wax process which is precision casting can be 
applied. 

[0025] Next, hot isostatic press processing is performed to the obtained casting. When the casting is comparatively 
large, this hot isostatic press processing is performed in order for the casting defect of a blow hole etc. to exist in the 
casting and to extinguish this casting defect. Therefore, in this invention, hot isostatic press processing is the process of 
arbitration. 

[0026] As for the conditions of hot isostatic press processing, it is desirable for : 1200-1300 degree C, pressure: 1 100 - 
1300atm, and processing-time:0.5 - 3 hours to cost whenever [ stoving temperature ]. When the temperature of less 
than 1200 degrees C is insufficient in order to extinguish a casting defect, and it exceeds 1300 degrees C, it is because 
contamination by scaling cannot be disregarded. In addition, although hot isostatic press processing is performed by 
non-oxidizing atmospheres, such as an argon, of course, if the partial pressure of the oxygen which exists as an 
impurity in gas becomes high and temperature becomes high in order to pressurize, some oxidation will arise on a front 
face. Under the present circumstances, although an object product is satisfactory if it can remove a front face, the front 
face of castings, such as a turbine wheel of a small supercharger, is used as it is, and this oxidation is not desirable what 
has an aerofoil very thin moreover. If a pressure is inadequate in order to extinguish a casting defect in less than 1 100 
atms, and 1300atm is exceeded, while effectiveness will be saturated, it is because there is constraint of the equipment 
of the hot isostatic press in which this is possible being restricted. Even if the processing time is inadequate in less than 
0.5 hours in order to extinguish a casting defect, and it exceeds 3 hours, while effectiveness is saturated, it is for 
processing cost to start. 

[0027] In not performing hot isostatic press processing and performing hot isostatic press processing after casting, it 
carries out heating maintenance 10 minutes or more after hot isostatic press processing in a 1300-1400-degree C 
temperature requirement. Whenever [ stoving temperature ] is made into 1300-1400 degrees C because the three-phase- 
circuit organization of the lamellar organization which consists of the organization of this invention, a gamma phase, 
and alpha2 phase and 2 phase organizations of gamma phase or a lamellar organization, gamma phase, and a parent 
phase is stabilized and it is obtained in this temperature requirement. In addition, the difference between this 2 phase 
organization and a three-phase-circuit organization originates in a presentation and few [ heat treatment temperature ] 
differences, and is produced. However, what is necessary is not to dare distinguish 2 phase organizations and a three- 
phase-circuit organization, and just to specify the component and heat treatment range where either of two kinds of this 
organization is obtained, since big and rough-ized prevention of the lamellar organization which is the aim of this 
invention becomes possible also in which organization. 

[0028] When it exceeds the low strength organization which consists of 2 detailed phase organizations of gamma phase 
and a parent phase at less than 1300 degrees C, and 1400 degrees C, the inclination which serves as an organization of 
low ductility which consists of lamellar independent big and rough crystal grain is strong. Therefore, as for whenever 
[ stoving temperature ], it is desirable to consider as 1340-1380 degrees C. Furthermore, since, as for the maintenance 
to which the maintenance for about 100 minutes is enough for in order to be unable to obtain a desired organization 
even if it is this invention within the limits, and to obtain a desired organization, and it is exceeded, the heating holding 
time serves as [ whenever / stoving temperature ] waste of energy in less than 10 minutes, the heating holding time has 
10-100 good minutes. The more desirable heating holding time is 15 - 70 minutes. 

[0029] In addition, in the above heating maintenance, the ambient atmosphere can be made into a non-oxidizing quality 
for antioxidizing of an ingredient. When especially aimed at a small dimension article, since the effect of oxidation 
becomes large, considering as a non-oxidizing atmosphere is recommended. Here, a non-oxidizing atmosphere means 
inert gas ambient atmospheres, such as a vacuum or Ar. 
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[0030] Quenching processing is carried out after the above heating maintenance. By this quenching processing, it is as 
narrow as 2 micrometers or less, and lamellar spacing is more desirably set to 1 micrometer or less. As for a cooling 
rate, it is desirable to be referred to as 20-500 degrees C / min. In under 20 degrees C / min, since there are too many 
deposits of gamma phase, it is because lamellar spacing becomes large, and the deposit of gamma phase will not catch 
up if 500 degrees C / min is exceeded, and a lamellar organization is not formed of the so-called MASSHIBU 
transformation. When heating maintenance is performed under the vacuum or the inert gas ambient atmosphere, while 
this quenching processing cancels heating after predetermined heating time progress [ whether the gas is made to 
agitate while introducing inert gas into a heating furnace, when heating maintenance is being carried out under the 
vacuum, and ] What is necessary is just to agitate the gas as if for the inert gas in a heating furnace to be agitated or for 
inert gas to newly be introduced into a heating furnace, when heating maintenance is being carried out under the inert 
gas ambient atmosphere. As a heat treating furnace which can perform such heat treatment, there is a vacuum gas fan 
cooling heat treating furnace (GFC is called hereafter). However, quenching processing of this invention is not 
restricted to these modes, and this invention can be carried out, even if it is means, such as introducing inert gas and 
spraying in this chamber, after taking out from a heat treating furnace, and carrying out air cooling after predetermined 
heating maintenance or making it move into other chambers. 
[0031] 

[Embodiment of the Invention] This invention is explained based on a concrete example below. 
(Example 1) The ingot of the size of 100mmphixl50mml of the presentation shown in Table 1 using the RF scull 
dissolution was created. Under 1350-1370-degree C a temperature region and a vacuum, heating maintenance was 
carried out for 20 minutes, and air cooling of this ingot was carried out after that, this ingot to machining — diameter 
[ of a parallel part ]: — the piece of a tensile test (5mm and gauge length:22mm) and the creep test piece were extracted. 
Moreover, the piece of an oxidation test of 20mmx20mmx2mmt was also extracted. When microstructure observation 
of the above piece of a tensile test was performed, it was checked that he is the three-phase-circuit organization of 2 
phase organizations of the lamellar organization with which any ingredient consists of a gamma phase and alpha2 
phase, and gamma phase or a'lamellar organization, gamma phase, and a parent phase. Moreover, for any ingredient, an 
oxygen content is 1000 ppm. It was the following. 

[0032] The elongation in the tensile test of a room temperature estimated ordinary temperature ductility. The initial 
strain rate of a tensile test is 3.8xl0-4/s. The fracture time amount in a 800-degree C creep rupture test estimated high 
temperature strength. Load stress is 2 20 Kgf(s)/mm. Moreover, the oxidation increase in quantity after holding at 800 
degrees C for 500 hours estimated oxidation resistance. The result is collectively shown in Table 1. 
[0033] 
[Table 1] 
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[0034] No. 1-5 are an ingredient for checking the effect of aluminum content, and, as for an example with few amounts 
of aluminum than this invention range, and No.5, No.l is [ an example with more amounts of aluminum than this 
invention range and No.2-4 ] the things of this invention within the limits. Room temperature elongation improves and 
creep rupture time tends to decrease as the amount of aluminum increases. And to No.2-4 in this invention within the 
limits having acquired the property which room temperature elongation calls [ oxidation increase in quantity ] for 650 
hours or more, and creep rupture time calls two or less 2.3 mg/cm 1.1% or more, room temperature elongation was 
insufficient for No.l with few amounts of aluminum with 0.6%, and, as for No.5 with many amounts of aluminum, 
creep rupture time brought 458 hours and an inferior result. Let the amount of aluminum be 44.5 - 48.5% of range in 
this invention by the above result. In order to obtain room temperature elongation, creep rupture time, and oxidization 
increase in quantity with sufficient balance, it is desirable to make the amount of aluminum into 45.5 - 46.5% of range. 
[0035] No. 6- 10 are an ingredient for checking the effect of Nb content, and, as for an example with few amounts of Nb 
(s) than this invention range, and No. 10, No.6 are [ an example with more amounts of Nb(s) than this invention range 
and No.7-9 ] the things of this invention within the limits. Although creep rupture time and oxidation increase in 
quantity become good as the amount of Nb(s) increases, room temperature elongation tends to fall. And to No.7-9 in 
this invention within the limits having acquired the property which room temperature elongation calls [ oxidation 
increase in quantity ] for 560 hours or more, and creep rupture time calls two or less 3.3 mg/cm 1.2% or more, No.6 
with few amounts of Nb(s) were inferior in oxidation increase in quantity with 6.83 mg/cm2, and, as for No. 10 with 
many amounts of Nb(s), room temperature elongation brought 0.8% and an inferior result, the above result - this 
invention - setting - the amount of Nb(s) - 5 - 9.5% of range - it may be 6 - 8.5% desirably. 

[0036] No. 1 1-16 are an ingredient for checking the effect of Cr content, and, as for an example with few amounts of Cr 
(s) than this invention range, and No. 16, No. 1 1 are [ an example with more amounts of Cr(s) than this invention range 
and No. 12-15 ] the things of this invention within the limits. Although room temperature elongation improves as the 
amount of Cr(s) increases, creep rupture time and oxidation increase in quantity tend to fall. And to No. 12-15 in this 
invention within the limits having acquired the property which room temperature elongation calls [ oxidation increase 
in quantity ] for 630 hours or more, and creep rupture time calls two or less 2.3 mg/cm 1.0% or more, No.l 1 with few 
amounts of Cr(s) were inferior in room temperature elongation with 0.4%, and, as for No. 16 with many amounts of Cr 
(s), creep rupture time brought 508 hours and an inferior result, the above result - this invention - setting -- the 
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amount of Cr(s) 0.5 - 2.0% of range - it may be 0.7 - 1.3% desirably. 

[0037] No. 17-21 are an ingredient for checking the effect of Si content, and, as for an example with few amounts of Si 
than this invention range, and No.21, No. 17 are [ an example with more amounts of Si than this invention range and 
No. 18-20 ] the things of this invention within the limits. Although creep rupture time and oxidation increase in quantity 
improve as the amount of Si increases, room temperature elongation tends to fall. And to No. 18-20 in this invention 
within the limits having acquired the property which room temperature elongation calls [ oxidation increase in, 
quantity ] for 655 hours or more, and creep rupture time calls two or less 2. 1 mg/cm 1.1% or more, No. 17 with few 
amounts of Si were inferior in creep rupture time with 468 hours, and, as for No.21 with many amounts of Si, room 
temperature elongation brought 0.6% and an inferior result, the above result - this invention - setting - the amount of 
Si - 0. 1 - 0.4% of range - it may be 0.15 - 0.35% desirably. 

[0038] No.22-25 are an ingredient for checking the effect of nickel content, and, as for an example with few amounts of 
nickel than this invention range, and No.25, No.22 are [ an example with more amounts of nickel than this invention 
range and No.23-24 ] the things of this invention within the limits. Although creep rupture time and oxidation increase 
in quantity improve as the amount of nickel increases, room temperature elongation tends to fall. And to No.23-24 in 
this invention within the limits having acquired the property which room temperature elongation calls [ oxidation 
increase in quantity ] for 654 hours or more, and creep rupture time calls two or less 2.1 mg/cm 1.2% or more, No.22 
with few amounts of nickel were inferior in creep rupture time with 515 hours, and, as for No.24 with many amounts of 
nickel, room temperature elongation brought 0.8% and an inferior result, the above result - this invention - setting - 
the amount of nickel - 0.2 - 0.4% of range - it may be 0. 1 5 - 0.35% desirably. 

[0039] (Example 2) The presentation of an example 1 of No.9 was adopted and the turbine wheel 1 for the small 
superchargers of structure as shown in drawing 1 with a lost wax process was obtained. Hot isostatic press processing 
of 2 hours was performed for the obtained turbine foil 1 by 1200 degrees C and 1200atm. When microstructure 
observation was performed after hot isostatic press processing, they were 2 phase organizations of gamma phase 
without a lamellar organization, and a parent phase. About other turbine wheels which performed hot isostatic press 
processing, the following two conditions were heat-treated under the vacuum using the GFC heat treating furnace. It is 
heat treatment which the heat treatment conditions 1 transfer the fan in a furnace while introducing Ar gas after 1360 
degrees C and 30-minute maintenance, and cools compulsorily, and the heat treatment conditions 2 are heat treatments 
of the cooling approach of these conditions after 1430 degrees C and 30-minute maintenance. When microstructure 
observation was performed after heat treatment, in the heat treatment conditions 1, it is the three-phase-circuit 
organization of a lamellar organization, gamma phase, and a parent phase, and it was checked at the rate of area that the 
sum total of gamma phase and a parent phase is 8%, and the remainder is a lamellar organization substantially. The 
mean particle diameter of this lamellar organization was 180 micrometers, and lamellar spacing was 0.7 micrometers. 
Moreover, it was checked on the heat treatment conditions 2 that the whole consists only of a lamellar organization. 
The mean particle diameter of this lamellar organization was 2500 micrometers, and lamellar spacing was 0.8 
micrometers. 

[0040] Diameter: 5mm of a turbine wheel to the parallel part which performed microstructure observation after heat 
treatment of the turbine wheel which performed microstructure observation after hot-isostatic-press processing, and two 
conditions, gauge length: The 22mm piece of a tensile test and the creep test piece were extracted, and the tensile test 
and the creep rupture test were carried out like the example 1. Consequently, the test piece extracted from the turbine 
wheel which performed microstructure observation after hot isostatic press processing showed the property of 0.6% [ of 
room temperature elongation ], and creep-rupture-time 378 hours. The test piece extracted from the turbine wheel 
which performed microstructure observation after heat treatment of the heat treatment conditions 1 showed the property 
of 1.5% [ of room temperature elongation ], and creep-rupture-time 810 hours. Moreover, the test piece extracted from 
the turbine wheel which performed microstructure observation after heat treatment of the heat treatment conditions 2 
showed the property of 0.3% [ of room temperature elongation ], and creep -rupture-time 840 hours. Although a 
lamellar organization is made into a subject, from this result, an alloy organization by installation of gamma phase or. a 
parent phase The organization which narrowed lamellar spacing by making a cooling rate quick at the same time it 
prevents big and rough-ization of a lamellar organization It was checked that it is effective for ******, ductility, and 
high-temperature-strength reservation to set particle size of a lamellar organization to 200 micrometers or less, and to 
specifically set desirably 300 micrometers of 3 micrometers or less of lamellar spacing to 1 micrometer or less. 
[0041] (Example 3) In the example 2, the heat treatment conditions in GFC were fluctuated as shown in Table 2, and 
the effect to which the condition does to a microstructure was observed. The contents of evaluation are the particle size 
and lamellar spacing of the rate of surface ratio of the lamellar organization by microstructure observation, and a 
lamellar organization. A result is collectively shown in Table 2. 
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[0043] Although heat treatment A was heat treatment of the heat treatment conditions 1 of an example 2, and the same 
conditions except that the cooling approach was furnace cooling, in the organization, lamellar spacing became as large 
as 4 micrometers. It is guessed that it is the cause that this has a slow cooling rate for furnace cooling. Next, although 
heat treatment time amount and the cooling approach of heat treatment B were the same as that of an example 2, since 
heat treatment temperature was as low as 1250 degrees C, the lamellar organization did not progress. Moreover, as for 
1460 degrees C and the high heat treatment C, heat treatment temperature became a big and rough lamellar 
organization like the heat treatment conditions 2 of an example 2. 

[0044] Moreover, although the heat treatment D with as short heat treatment time amount as 2 minutes had few ratios 
of a lamellar organization, alpha phase from which 2 phase organizations of gamma phase and a parent phase in which 
this was formed by hot isostatic press processing metamorphose, and become the radical of a lamellar organization is 
considered because time amount was insufficient for fully being formed. Moreover, the heat treatment F with as long 
heat treatment time amount as the heat treatment E for 15 minutes and 90 minutes became the same desirable 
organization. Although heat treatment G was taken out from the furnace and carried out water cooling of the heat- 
treated object, since the lamellar organization became a cooling rate is too quick in this case, and is hard to be formed, 
the ratio of a lamellar organization decreased. 
[0045] 

[Effect of the Invention] Like explanation, above the TiAl system intermetallic-compound radical alloy of this 
invention By atomic %, aluminum:44.5-48.5%, Nb:5-9.5%, Cr:0.5-2%, By quenching, after obtaining the casting 
which consists of a remainder unescapable impurity and Ti Si:0. 1-0.4% and nickel:0. 1-0.4%, and carrying out heating 
maintenance 10 minutes or more in a 1300-1400-degree C temperature requirement The TiAl system metal 
combination radical alloy excellent in ****** and ductility, high temperature strength, and oxidation resistance is 
obtained by considering the organization as the three-phase-circuit organization of the lamellar organization which 
consists of a gamma phase and alpha2 phase, 2 phase organizations of gamma phase or a lamellar organization, gamma 
phase, and a parent phase. 

[0046] Moreover, as well as the ability to respond to elevated-temperature-izing of a turbine inlet temperature, and 
high-speed rotation-ization, since it excels in high temperature strength and oxidation resistance, since the turbine 
member using the above this invention alloy is excellent in **** and ductility in a room temperature as a TiAl alloy, 
while manufacturability, such as machining, is good in a production process, it can avoid problems, such as a crack at 
the time of processing by which we are anxious about generating in the case of a weak ingredient. 



[Translation done.] 
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t-ra. 

[0008] 

IBM* * 6 Kltocom&7a*Zi£totzm^Zmi£ 

1 ) »BC-Htf«JKL 3 MMi S?S3SJt, IS • K 
tt^?Kfe-tSJt«)«oa^i LT(i, M^%t', A 1 : 4 
4. 5-48. 5%, Nb : 5-9. 5%, Cr : 0. 
5—2%, Si : 0. 1—0. 4%, Ni : 0. 1- 

o. 4%, mR^mmm&toi.v'T ifr^zm. 
t-tizb&<mxhz. 

2) ituwmizlt. rfflfrM-f&Ti A lffl (r- 
TiAlffl, WTrffl) *JiV«i««rfi-f*Ti 3 Al 
ffi <«:-T isA lffl, OTazffl) jWR«fc«*l,T^ 

5-fi38i£±ffllfcffl2: Loot, rfflfcJtf £ffi£S-f 

sffl (/9ffl> *^-fc Lx^i3wmtthzbtim 

3) UE<0id«r2»4fcJi3«fflHfi0Ti A 1»AK 

t o o.o 9 ] *^cot i a i &&mmit£mm£± 

t±, M^%T'. A 1 : 44. 5-4 8. 5%, Nb : 5 
-9. 5%, Cr : 0. 5-2%, Si : 0. 1-0. 
4%, Ni : 0. 1-0. 4%, SfHlWlW 
Jim *»&fr*«j*£*U rffl*JiV«i**»4)* 
!>9^9-ffll8fcrffl02fflffl^, tWi9^9-iffi 
IS, r««J:V/9*W3««BlliSrlrfiI4:tW»tr 

[0010] ja±***jH8T i a l ^MH^^jS^ 

aimrntfmmzimucm&iiibx^z. *t 

X.ytv -M«W%efI*<3 0 0 ix mWTT'ife 0 , 

[0011] *JEWttJltST i A 1 jR^IUBHl: 
^•»^&<0WWflfe«. H^F%t', A 1 : 44 . 5- 
48. 5%, Nb : 5—9. 5%, Cr : 0. 5-2 
%, S i : 0. 1-0. 4%, N i : 0. 1-0.4 
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(4) 

5 

ifitLTtt*ni«rt»*ia. mm&m* 1300-1 
4 0 cc^aasKHfcT 1 o*JSLha«!Wii«rt-*ia. 

[0012] *»^{CtJV^T , ft6il*£HMM3j!flff 
4. 4fc* M«»IBt#IWfcttJI»RTrtfv^ « 

4 U\ ft^Jifflfi> MMmUU>6 1 0 0 0-C4T- 
£20-500'C/m i nOJMffiSjrCflitfJ:^. 10 
[0013] OT*#fl^<0J*4H»fi8A«:fiOT*- 

s. 

A 1 : A 1 ttSfra^a^rt^aWSEJRT* 1 )* T i 
ttl fc£»HHfc£**»fM-* . A 1 i59$JK#4 4 . 
5%*»t1il^fcfctt4EttrtHIST-$-4. 4 

8. 5%*i8i*fc«a3S«* t ftTLrLa'5. Ltztf 
->X . *mX'l±4 4 . 5-48. 5%k-f4, 

[00 14] Nb : NblififtMi, SfeCtt* 

te8 0 0mtOW^&£#;t4kWiHl:tt, i3l&5$ 20 

soi6]±tc^**^<. 9. 5%*mtitim 

&tttf{STt4. IKtf-oT. *WWcfcWtli. 5- 

9. 5%k"t4. 6%*ilfti*^T-^^ 

^^***ffl*ffl/]>fflii»«<offifflaia-c*>* 8 5 0 

2fc. 8. 5%£jS£;iTi»J 

4£tf>, 6-8. 5%fc-^4it**a*U^. 
[ 0 0 1 5 ] C r : C rttJRilfcfittilB ■ &ttfi±5: 
IWtL-CjRDlrt-i. 0. 5%5f^?li»fflte*rtt4*l 30 
■ Stt^[6j±3^-HhTJ) 0 . 2%£j8£4kii: 
?S«££ffl:T$Ht4. U^oT. *a«fc*^-CJi. 

0. 5~2%fc-f4. S2Uf>Crtf>»i, 0. 7- 

1. 3%TJ>4. 

[ 0 0 1 6 ] S i : S i liHIWfcttftJii: k fcfc? !/- 

7-?$js * ifii± $ - t 4 3i*ft 4 . ma&tf 0 . 1 

Ttt*MS*H-ar*<, -u. o. 4%mnt 

XliO. 1-0. 7%k-f4. MiU^S iOflfJO. 

1 5-0. 3 5%T-£>4. 40 

[ 0 0 1 7 ] N i : N i littBfl^ AtflraSMEaM 

mmZkitt+ttX'h*) . 0. 4%£i8;i4kS 

liO. 1—0. 4%ft6. SiLV^N i<0SJi, 0. 
15-0. 3 5%T'J>4. 

[0018] *offi : JtKt»J*7G*l#MiTTOtt^ 

maxx/T i frt>tchtiK T^mmmcooho mm) 

tffr£WziO0OiwZmtX-&£iXX^&b. $Jtt 
HFr"3*4fc*>. 0{i 1 0 0 0ppil2lTfc«IM-f *£ 50 
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[ooi9] Ktt%w^<mm&^xmtt 4 . 

45*7-«8fcJ:y'rffl?>2ffi*l$L 2fcli?.*5- 
S8L rffliiJ:t//3ia<7)3fflfflili5r^-f4„ TiAl^ 

* * 4 iMfmttmmm. * *§ 4 fcftfcMis 

C»?y5H|IU«4£[T<0j:3fc«lS5<i4. "f 

4» rmmmtVrtii U 84 affl*<«IOTK J: 0 a: 
WfcSHfc* 4 i k T'^B£$*l4 . 
[0020] rtttazWktfmmi 

k, rfflka 2 fflk#£££?R£t4„ -tUT, Jt«W 
WtoWSSfc. l»»t4ai«R±<0iaiBS:7-?t7-ia 
Hk LT5git-f 4 £ k 4 . T i A 1 $&R|gHt£- 
&£&&li> H&Wtli, &#Wfc«3 
OOnm. Mtl<l,±2 0 0um&.T(r)=7*7-tm<7) 
Z-X-ffifStetl, S6lc9*9HHHIi2jumJaT. 82 
L < U 1 /x m&TcO&mttt 4 £ k frU&T* 4 . 
[0021 ] v vt s »a3M&&«j»*S'4 k 

rflotrftu«%vvo^'r. vvbi*4vy5/:rssB#£t 

k r*a<0Wffi* t *'tS , 4fc«>. 7> ?-|SfflfcM£< =5:4 
£fc*»6. JWKSLStiHl»t4ikfc:J:0. -eofflil* 

mm%bv>£-r&zbi)<-mx-t>z. aa. 

Jgk tTr=1Sk=5r4(7)li, ffi«^Jfc{r^7^4 10 0 0 
r2t'T'J)0. *W3lT<oaSB«fc:J3ft4»aBt«[4* 

[ 0 0 2 2 ] T i A 1 3&M]fl:£«riE&6k&l. i-t » 

Xy*y-frt>mf£thZti£*IffiX'h&. tztil. m 
m&X'^1%X'b&mi&Ti,zMi&mmni.ZMl%^t 
imiZ&i&X'Omtfro ky*7-mtot 1 mmlil 
Jt«Ua*T»»fcft*LTWVV «f4* 1 )!i< ; 5:4. 
Ito^^T, JJS<0 J: 3 ^a«W^ffl^5rf# 4 fc«>te 
tt. fffi. Jfffi^)MDl(c«fc4^taDl$:jDt4i 

«*bTU*v\ a«^ffl«i^#4^k(iS«T'fto 
ft. 

[0023] *£T*W»Ttt9> 
a*ft»Rf±L«l:5k-f4«>«T*4. fc^fU. /3fflfc 

wssiEoft^Htwiiifc^a* uvr turns a 

7 0-9 7%#«L, »»tf/8ffl*iJ:tfrfflra4£fc 
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«MI«co±*t*l^ *»o?^9-IBIBO»^T i A 

[0024] 0 %*mr i A 1 arousM: 

Tlis MWC, A 1 : 4 4 . 5-4 8 . 5%. N b : 10 
5—9. 5%. C r : 0. 5-2%. S i : 0. 1 — 
0. 4%. Ni : 0. 1-0. 4%, MTOHtt¥fiH 

[0025] *C*fe*ifc«»*KJB!lBIM€Eri/^tt 

[0026] msmfc&ri'Xtmotkmis »a 

m: 1 2 0 0-1 3 0 0°C. E.J}: 1 1 00-13 00 
atou ^a^H : 0 . 5 ~3B*|SIi t4 £ fcfl'S* L 

w fs&tfi 2 o or*aren«i5a«sjB»s**fc 

fcfcUHH^aO. 1 30 0*C£jS;l4fcSlB 

fl2W4t*. tf^q a n*^ffi$rl$S;-C£4iO 
£<a«ft*>$iii**<o44flyflU L*>t)tt9Mlt£* 

V^t^TttwWlWUiai IX&K JZtltfl 10 Oat 
0, ttz. 130 0at«ij8i4i:»«**tSRrt*R 
t*0*J»4»*4fcftT*S. *m$|g|tt. 0. 5B*IBI* 40 

#»tf>4*tf>T*4. 

[0027] ^»7jcffru;^£ifcS&^£fcli 
»itf£, 4fc> JftlBIMcffri^^fcJtffc^liJR 
B»*BEr^«HIIM=. 1 3 0 0-140 0'C<r)W,& 

msx\ 1 o^aunsftft^-rs. aa&jiK* 1300 

~14 0 0*Cfc-f4<7>U;. CI 

<7)2fflfflft. ££ti^7-fflft. rfflfeJ:^/3ffl^3 50 
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ffl*&ft#££LTi#^ft4*^T';?>4. fctJ. £02ffi 

mmt 3ffi««£oauttffljK. ajiflBwwii***'*' 

m&k%lt:*>. 2ffi*§ftfc3ffi&ft£lteTIE#rf4 

[00 28] i300x:*SiX1irfflfcJ:V/?ffl<^*ie 
*2ffl««*»t*&fl6SS« ! Sra«s 14 00-C£ig;c4 

&4flfttf5$i\ Lfctfo-C. fcflKSMBii 34 0-1 
3 8 0TCft4ifc* { a4U». MMMMH 
*< 1 0 jHMTT»MdU»WVaeHrtT»-9T *>0r 

fc»fctt 1 0 0ftW£<r)mX'+ftX'h 0 . -eftSriS*. 
5-7 0#TJ>4. 

[ 0 0 2 9 ] J3Lh«*R»»fcUViT . 

wc» >w&si,imib-?i%r&Mt. mtmm 
wxt <tc&<nzimitmw%bi-%zbtmm2ti 

[0030] eu:<?ans»fiy*ottfc:, ^aat^. ; 

«MUMniCJ:0« 5^5-|SaHfc2/iinfilTfc«<. 

£*)m±L<lilumWFb-?h.ftim8Ui. 20- 
5 0 0*C/mi ni-tSCk* < a4L^. 2 0*C/mi 

^<^0. 500"C/mi nZmthbr&m 

^^KS4fc(±^»S1t^|?HmT-C'tf hilX v^S 
^oM*^^gj^{c3DSi^»l^rs kit, 

T. «S^7r>^-'jy^lftJ!«»F (iSIT, GFC 
b^-t) * J S>4. fflU*!(M80*?fWMItti#i.4>]|WW= 

[0031] 
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<0100mm<£X150mml <D1M XO-f y^yhJ 
ffcftU:. Z(04>3vhtl 3 5 0~1 3 7 0*CO>S 

aa& xsn^ 20 u ^ms^uc. c 

m, g£B9Elt: .2 2mm«gfiR9a«fir, ^U-T^S 
££s 20mmX20mmX2mmt 

«RftaWi«i«KLfc. J3L±^l5SOiSiWroS^o 
ffi*fc**?.X?Hi«fcJ:tfr«*>2fflifl|fc itzte 

jx?-im. rmxvimniwmx-ib&zbtf 10 

«B3*ifc. &tz. muottflt>»***»i 1 0 0 0 * 
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[0032] fmmitmzw\mmc?<r>mfizj; 

oTfHBLfc. ^l5S9St»^M8tA-f^aEJK<i3. 8x 
1 0-VsTW. WiB5MEU8 0 0X:^U-r«Br 
aS8tcWKW«at «t o xms Lfc . £#J£:Wi 2 o k 

gf/mm«T*i. ifcfc, HMtt(i8 0 0"C-C5 0 

[0033} 
[Hi] 



N o 




*1 


(H) 


Tf C 
41 ft 




A 1 


N b 


C r 


S i 


N i 


O* 


i 1 






i 
i 


43.8 


7.5 


1. 1 


0. 26 


0. 29 


753 


bal 


0.6 


770 


2.2 


9 
C 


44.8 


7.6 


1.0 


0.3O 


0. 32 


652 


bal 


1. 1 


765 


2, 1 


1 

a 


46.5 


7.6 


1.0 


0. 29 


0. 31 


785 


bal 


1.3 


723 


2.0 i 


4 


47.6 


7.7 


0.9 


0.31 


0.31 


658 


bal 


1. 3 


659 


2. 3 | 


5 


49.1 


7.3 


0.9 


0.31 


0.29 


950 


bal 


1.5 


458 


2.2 


6 


46. 1 


3.9 


08 


0. 32 


0. 31 


560 


bal 


1.5 


565 


8.8 


7 


46.2 


5.4 


0.9 


0. 31 


0.30 


660 


bal 


1.4 


671 


3.3 


8 


46.3 


7. 1 


1.1 


030 


0.28 


738 


bel 


1.3 


723 


2. 1 


9 


46.0 


8.7 


1.2 


0.31 


0. 31 


652 


bal 


1.2 


741 


1.8 


10 


45.9 


10.3 


1.0 


0 30 


0.29 


580 


bal 


0.8 


456 


1.8 


11 


45.9 


a. 5 


0.3 


0. 29 


0.30 


726 


bal 


0.4 


805 


1.6 


12 


46.0 


8.2 


0.7 


0.31 


0. 31 


465 


bal 




756 


1.7 


13 


46.0 


6.4 


1.0 


0,30 


0.33 


562 


bat 


1. 3 


685 


1.8 


14 


45.9 


8.5 


1.4 


0. 31 


0. 27 


850 


bal 


1.5 


652 


2.0 


15 


46.1 


8.3 


1.8 


0.33 


0. 28 


463 


bal 


1.6 


634 


2.3 


16 


45.8 


8.3 


2.3 


0.29 


0. 26 


653 


bal 


1.6 


508 


2.5 


17 


48.0 


8.5 


f. 1 


0.05 


0. 33 


921 


bal 


1.4 


468 


2.2 


18 


45.9 


8.6 


1.1 


0.15 


0.30 


695 


bal 


1.4 


655 


2.1 


19 


45.8 


8.7 


1.0 


0.24 


0.30 


783 


bar 


1.2 


754 


2.0 


20 


460 


8.2 


1.0 


0.36 


0.28 


485 


bal 


1. 1 


775 


1.8 


21 


46 2 


8.6 


0.9 


0. 47 


0.30 


586 


bal 


06 


784 


1.7 


22 


45.9 


8.4 


1.0 


0.31 


0.14 


893 


bal 


1.4 


515 


2. 1 


23 


45.8 


8.5 


0,9 


0. 30 


0.26 


785 


bal 


1.3 


654 


2.1 


24 


45.8 


B.6 


1.0 


0. 29 


0.34 


596 


bal 


1.2 


695 


1.9 


25 


46.0 


8.3 

LA\ M.IJ 


1.2 


0. 28 


0.47 


856 


bal 


0.8 


704 


1.8 



[oo34]No.i~5tiAi ttm<mm*m2,-? 

hizth<7yffi\X'h 9. No. 1 \i*%fflmx 0 A 1 fi 
tf&K^W. 4fc N o . SttttHHKHJ: 0 A 1 
\>m. No.2~4l«s«B8ifflrt<7)fcO , C*4. Al 

mzh sn o . 2-4 ttsawttw 1 . 1 %a±. 9 v 
-7®mmtf6 5 0 naaiauL mmm2 . 3 m 8 

T(i. A 1*5:4 4. 5~4 8. 5%OffiBi:-f £> . M 
StCti. A 1 S5r 4 5 . 5~46. 5%(D%mbt&ZX 



[0035] No. 6~ 1 0 13N b-£lTSoMP$riii2 
tltzibwmZ'h 0 » N o . 6 lt*%PJffi.W* *) n b 
Mff&Ccwfc £tcN o . 1 O&HB01KHJ: ON bft 
40 a**V*H. No.7~9tt*W5WBrt<9i*)T*4. 

n bft^tajirtscL^-oT^ 'j-rwwi 

*. *LT. *MiW:,feSNo.7-9lliafii 

±, Kftlift* { 3. 3mg/cm'HTkU5«|t*# 
T ^ •& ^Kit U Nb g*^-^r \,\ N o . 6 (ifHttB!:* 1 

6. 83mg/cm ! t^i), Nb»A>*£V>No. 

10UaS«#lW0. 8Ki:#*iS*fc$:ofc. fiLLO 

50 SEH. M4L<Ji6~8.5%fc-fS. 
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1 1 

[00 3 6] No. 1 1-1 6<1C r-t-WftOlJg&iHl 

m-htdnxnmmx'h o . no.ii i&mffimx o 

C rfi#^&V^K 2 fcN o . 1 6 tttfKfflgllJ: 9 C 
rl^^M, No. 1 2-1 5(i#&9^Hl*l?)t>C0 

■eft*, c rft*sttairrsfcL^-?TS?aw«isi± 

-fl-T. *»IH«Hrtt»4No.l 2-15 
liSSW 1 • 0 %ULt, 9 0 -r«BWIBW*6 3 O 
»ft«fi#2. 3mg/cm*KlTtV^» 
tt£»TH*<Ofc*tU C r«%HNo. 1 H±S 10 
ffiWtfO. 4%fc#*h ttl. Cri^No.l 

6(±^ u-riw^ia* { 5 o 8i%r3t%m%:t%i 

fc. fiLho»«t i 0 . *WBfeJ3V^TI4C rfi£ 0 . 
5-2. 0%OSEffl, S*t<(iO. 7-1. 3%ff 

s. 

[ 0 0 3 7 ] N o . 1 7-2 1 fiS i &W*«D$«p£iI 
0 , N o . 1 7Ji#f&HJW$BJ: <0 

s i sa^&uuL 4fcN o . 2 1 i&mmmi o s 

iStf^flL No. 1 8-2 0«i#&«^Hl%9t><?5 
-tUTs *»"9»SHrtfca*No. 1.8-2 0 

ji^iam/* 4 " i . i %ULhs 7 y -tkw$w6 5 5 

«HBLh, »ft«** f 2. lmg/cm2|i[TtV^# 
ttfcf#T<fV6<?)fc:*fU S i i*%UNo. 1 7ti? 
U 4 6 8 USB t # *) „ t , Si 

1- 0. 4%cOS5SI, a*L<ttO. 1 5-0. 3 5% 
ff*. 30 
[0 0 38 J No.2 2~2 5<iN i tt&eOB&Zm 

ar*/i»o*m-c» o . n o . 2 2tt*«9JBiijj: 9 
n i mtwzwm. itiNo.25 a&auwtw 

iMifi&W* No.2 3~24li**DlKHl*i*>t>*> 

■c* * . n i itfaMirti, t ut#-> x 9 y --rmm 

iZbh. *IT. *»Wffllrtfc*6No.2 3~2 4 

um&mftn. 2%&±. ?'j-7iiW6 54 

eiBIJJU:^ »ft««#2. lmg/cm^TtV^^ 
QinZ^Wtzm,. N i tmv^o. 2 2(2:7 40 
U-rSMflSJ#5 1 5^fHt^>5, Nii^ 
MNo.2 4ttSi«*W0. 8%fcS&*IS*fc$r-9 
fc. l2Lb«)ii*lc.J:0, *»Bfc:*iVvniN i«£r0. 

2- 0. 4JW>ttB. BiLXttO. 15-0. 3 5% 

[0039] {Xam2)Wmi<r>Uo. 90*U£S: 
?-t>*-f;H Sri 2 0 0*C, 1 2 0 0 a t mT'2l$ 



#^2000-199025 
1 2 

TuzMmzmitzmcDf-zy*^ -mz^x » g 

FC«WHBP*fflV\ XSTT'#^2&#Ofij!!UI£fr 
ofc. ^a^frlttl 3 6 0-C. 3 0#ft»fiL Ar 
#-X$r$A-f£ title, «"rtO7Ty*0UT5«W« 

tHttisrtf a awsiT* o s it 1430 

ixnyj(y-mm. rmai~ifBm<03mmmx'h 
*), r-fatiz.vmomwwm-xsx. m$m« 

mzyXy-W&Xbh^hhmUZixtz. ZCVyXy 
-ffli(0f«ai8 0wm, y*y-Mt0. 7 

wmt*ot. *&. mm&tt-2x\t£m i 7*y- 

0>TOfiffitt2 5OO/inu 7^7-HPl(±0. 8//m 

[0040] nsBMMcffir v^jratfct s 9 vrnmm 
ifiitzf-tyftj -iv&v2%&<nmmmzi9 
nmmm*'ft'>tz9-\LV*4-)Vfrt>. wmnm. 

S: 5mm. S^I!E^ : 2 2 mmc7)5|5S0aSitfr. 7 

W9 v-T®.mmz%mLtz. zmzk. «^a?* 
-frfrmiRUzfflikfrX'im&mfo . 6%, 

7WWS 3 7 8 B#mc0#tt5r* . S^a^ft 1 CO 

&aaxLfcttiw-ttiSfim*i . 5%. 9v-rm 

mms 1 0«WB<0*Mttfl5LA:. *«RJ!Bl«« l 2»J)6 

filRLfctttW-'CJiailWO. 3%, 7l/-7"KBffi$ 
IB84 0l«BW»tt**i;fc. i«tt«*>fe. -^^fiii 
5:9^ Loot, r«4fcfi/8««W 

rni&J£Z&<-r&Z\bX'yXy-!3m*n< Uz 

mmt\ Mftmziiy* y-mmvimz 3 o o Mm, 

S*t<{i2 0 0MmJMT> 7^7-raPS2r3Mmjy 

Ts u < ii 1 ju m art +& z t tfrn&m ■ ®&r 
imis&j&munKMzimx'b tz\b tmizztitz. 

[004 1] (!6teM3) 5UfeM2fcfeV^T. GFCK 
*3^l.^!iS^« i ?:^2fc*-rj:dfc»S-l4'. 

[004 2] 
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13 14 







(rain) 




(%) 


( Jim) 




A 


1360 


30 


ft 


80 


200 


4 


B 


1250 


30 


A r tfX&A 


0 






C 


14oU 


30 


A r 


100 


3000 


1 


D 


1360 


2 


a r # 


25 


130 


0.7 


E 


1360 


15 


A r 


91 


170 


0.8 


F 


1360 


90 


A r iiXMX 


68 


280 


0.7 


: g 


1360 


60 




10 


120 


0.3 



[0043] m&mMi. msvjmiMPft-ci>&m9i 
mm 2 cvmm&ft i t mta*ttnBmxt> & a>\ 

#14 6 o'ctiisv^scfi. mm2<r>mmm- 

[0 044] itc. M&W%fflW2ftkM^fm®vii 

teB#IS#&9&A>o££fti#;i<oix£. ifc, 

mB& 1 5#0&j!!yiE£: 9 O^tfti^MraFJiH* 30 

ft, yJy-tmnitmii'J?*^-)*:. 
[0045] 

£JBGHfc&»S&£fclu H^%T% At : 4 4 . 5-4 * 



8. 5%, Nb : 5-9. 5%, Cr : 0. 5—2%. 
Si : 0. 1-0. 4%, Ni : 0. 1-0. 4%. ft 

13 0 0-140 0*COfflJKKHT' 1 0#J2LkMMH* 

itzm.^-rhzbizi'o, *<?>mm*rWtoztfai 
m*t>%&7*7-mmbrncr>2ttm®, ttd*?x 

%m • sit. *iiau£« WRftttwwutT i a 

[0046] 4fc, Ja±<3*#JteA*fli^fc*-tf:' 

ml t i a i i-cooa-coati • mmzmx 

[01] SatoJBJBYffi* Lfc *-h* y*>f -from 
1 ^-t'y*-f-;v 
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(9) 



#682 000-1 9902 5 



[H 1 ] 




(51) Int. CI.? mV& 
) 

C 2 2 F 1/00 6 9 1 

692 



F I 7-734* (## 

C22F 1/00 6 9 IB 

691C 
692A 
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